Background Radial head fractures can occur in isolation or in association with elbow and forearm injuries. Treatment options include nonoperative management, fragment or whole-head excision, open reduction and internal fixation (ORIF), and radial head arthroplasty. However, the
evidence supporting ORIF for repairable radial head fractures is inconclusive. Questions/purposes We compared patients undergoing ORIF for isolated radial head fractures or for radial head fractures associated with other fractures or elbow dislocations in terms of patient-related disability, presence of posttraumatic arthritis, complications, and rate of reoperation for capsular release. Methods Between 1997 and 2008, 52 patients underwent ORIF of the radial head for isolated radial head fractures (simple group) and 29 underwent ORIF for radial head fracture with an associated fracture or dislocation (complex group). General indications for ORIF included displaced radial fractures, large articular surface fragments, and greater than 2 mm of displacement and/or a mechanical block to forearm rotation or associated fractures or ligament injuries requiring surgery. Thirty-one patients (60%) in the simple group and 20 (69%) in the complex group were available for followup at a mean of 4 years (range, 1.0-9.5 years). We evaluated the patients using a validated self-reported pain and disability questionnaire (Patientrated Elbow Evaluation [PREE] ). Records review included radiographic examination and assessment of major complications and secondary surgery rates for capsular release. Results With the numbers available, the groups were not different in terms of the mean PREE scores (8 versus 15 for the simple and complex groups, respectively; p = 0.13, lower values indicate lower pain and disability). The simple and complex groups were also not different with the numbers available in terms of major complications (13% versus 25%, respectively; p = 0.29) or secondary capsular release (3% versus 20%, respectively; p = 0.07).
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Introduction
Radial head fractures can occur in isolation or with associated elbow and forearm injuries, including fractures, fracturedislocations, and/or ligamentous injuries [9, 11, 32, 35] . Options for treatment include nonoperative management [1, 20] , fragment or whole-head excision [6, 15, 21, 24, 30] , open reduction and internal fixation (ORIF) [2, 13, 25, 26, 28] , and radial head arthroplasty [7, 8, 10, 14, [16] [17] [18] . In addition to the particular characteristics of the radial head fracture, associated injuries may influence treatment selection.
While many options are employed in the treatment of displaced radial head fractures, the indications for ORIF of displaced radial head fractures are not clearly established [22, 23, 33] . In contrast, for irreparable fractures, there is increasing support for radial head arthroplasty as an effective treatment option [5, 16] .
We evaluated patient-reported pain and disability in a cohort of patients with radial head fractures treated with ORIF, comparing simple radial head fractures to those with associated ligamentous or additional fracture patterns, using a validated measure. We also evaluated for the presence of posttraumatic arthritis, complication rate, and rate of reoperation for capsular release.
Patients and Methods
This study was a retrospective comparative study identifying patients with closed fractures of the radial head and neck managed with ORIF by four fellowship-trained upperextremity surgeons at a tertiary referral center between November 1997 and June 2008. A search of the hospital's electronic medical records and surgical database identified all patients treated with ORIF for radial head fractures. Institutional review board approval was obtained before initiation of the study. Exclusion criteria were skeletal immaturity (n = 0) and those for whom initial radiographs were unavailable (n = 4).
Patients with a radial head fracture managed with ORIF treated within 14 days of injury were included. Indications for ORIF included displaced radial fractures with articular segments of greater than 30% of the articular surface and greater than 2 mm of displacement and/or a mechanical block to forearm rotation or associated fractures or ligament injuries requiring surgery. If stable fixation could not be achieved for complete articular fractures as deemed by the surgeon, a radial head arthroplasty was performed. Fractures with less articular involvement and less displacement were treated nonoperatively, including those as part of complex elbow injury. Eighty-one patients with radial head fractures treated with ORIF between November 1997 and June 2008 were identified.
Eligible patients were contacted by mail and then followed up by telephone inviting them to participate in the study. Of the 81 potential patients, two declined to participate and 28 could not be located, which left 51 patients (63%) returning for a comprehensive evaluation. The cohort was divided into two groups based on preoperative imaging: isolated radial head fractures (simple group) ( Fig. 1 ) and those with associated fractures or dislocations (complex group) ( Fig. 2 ). Of the 52 potential subjects in the simple group, 31 (60%) were available for followup, and of the 29 potential subjects in the complex group, 20 (69%) were available for followup. The complex group included terrible triad fracture-dislocation variants (n = 13), combined proximal ulna and radial head fractures (n = 5), and radial head plus capitellum fractures (n = 2). The mean age of the simple group (40 years; SD, 11 years; range, 23-62 years) was 10 years younger than the complex group (50 years; SD, 10 years; range, 22-71) (p = 0.002) ( Table 1) . As expected, higher-grade Broberg-Morrey fracture patterns were observed in the complex group than in the simple group (p = 0.004), with higher associated energy mechanisms (p = 0.07). Otherwise, no differences were observed between groups. Mean followup was 4.4 years (SD, 2.3 years; range, 1.0-9.5 years) for the simple group and 4.3 years (SD, 2.5 years; range, 1.2-11.3 years) for the complex group.
We recorded patient demographic data (age, sex, BMI), general health measures (SF-12 mental and physical component summary scores), depression scores, occupational and recreational demands, and fracture characteristics. The Center for Epidemiologic Studies Depression Scale was used to measure depression; a score of 16 or greater suggests depression with a range in scores of 0 to 60 [31] . Occupational and recreational demands were classified based on author opinion in the absence of validated classification schemes. Occupational demands were divided into nonheavy labor and heavy labor (lifting [ 15 kg). Recreational demands were divided into nonweightbearing sports and weightbearing sports/contact sports. The mechanisms of injury involved in the radial head fracture were divided into low energy and high energy (falls from a height greater than 2 feet [61 cm], fall during a sporting activity, or motor vehicle collision).
The proportion of joint surface involved and amount of displacement were estimated from the initial radiographs. CT was used at the discretion of the treating surgeon to better characterize selected fractures. Isolated radial head fractures were identified when preoperative imaging did not reveal any associated fractures or malalignment to suggest ligamentous injury. Terrible triad fracture-dislocations were defined as the combination of a radial head fracture, coronoid fracture, and posterior dislocation. To be classified as a posterior dislocation, imaging confirmed the dislocation, an impaction fracture on the posterior capitellum was identified [29] or intraoperative observation confirmed the same. Combined proximal ulna and radial head fractures were defined on imaging. Ligamentous injuries were recorded from the intraoperative findings.
Fractures were classified according to the Broberg and Morrey modification of the Mason classification [4] : Grade I, fractures displaced less than 2 mm; Grade II, fractures displaced more than 2 mm and involving more than 30% of the head; Grade III, comminuted fractures; and Grade IV, fractures associated with dislocation. A fellowship-trained orthopaedic surgeon (JMP) who was not involved in their initial care reviewed radiographs of the affected and unaffected elbow and then subsequently examined the patients; a research assistant (CY) completed objective and subjective outcomes instruments.
All radial head fractures were exposed using a posterior skin incision and a lateral fasciocutaneous flap. A medial flap was elevated to address associated injuries, if necessary (n = 2). The radial head was exposed through either a Kocher or a common extensor tendon splitting approach. Fractures were fixed with 1.5-to 3.0-mm-headed screws (n = 47) (Synthes, Mississauga, ON, Canada) or 3.2-mm headless screws (n = 3) (Acutrak 1 ; Acumed, Hillsboro, OR, USA), except for one patient who had more than three radial head fragments, which were treated with a locking plate (Evolve 1 ; Wright Medical Technology, Inc, Arlington TN, USA). Associated injuries of the lateral and medial collateral ligaments, olecranon, and coronoid were stabilized as necessary.
Postoperative rehabilitation protocols were individualized based on the associated injuries. Within 2 to 7 days postoperatively, all patients initiated active motion, supervised by a therapist. The protocols were modified according to the integrity of the collateral ligaments. For elbows requiring protection of the lateral collateral ligament, the forearm was maintained in a pronated position when the elbow was extended and active forearm rotation was only permitted with the elbow flexed greater than 90° [ 12] . For elbows requiring protection of the medial collateral ligament, the forearm was maintained in a supinated position when the elbow was extended and active forearm rotation was only permitted with the elbow flexed greater than 90° [34] . For elbows requiring protection of both the medial and lateral collateral ligaments, the forearm was maintained in a neutral position when the elbow was extended and active forearm rotation was only permitted with the elbow flexed greater than 90°. An overhead protocol was used in selected cases when necessary to manage more severe instability [36] . This technique uses gravity to add a compressive force to the elbow by performing exercises supine. As stability improved, static progressive extension splinting was employed to increase extension. Strengthening commenced between 6 and 12 weeks postoperatively when fracture healing was judged to be sufficient, typically when the fracture line relative to the radial neck was indistinct on followup radiographs.
The primary outcome measure, patient-reported pain and disability at a minimum of 1 year postoperatively, was quantified using the Patient-rated Elbow Evaluation (PREE) [27] . The PREE is a patient-based, validated, functional outcomes instrument. The main strengths of this instrument are the specific focus on function as influenced by elbow pathology and the values derived from the perspective of the patients. It does not include objective measures such as ROM or specific symptoms, except pain. Scores range from 0 to 100, with lower scores representing lower pain and disability.
Radiographic outcome included an assessment of posttraumatic arthritis, fracture reduction, union, and heterotopic ossification. A clearly defined technique was employed using digital images only for the final followup radiographs (InteleViewer TM ; Intelerad Medical Systems Inc, Montreal, Quebec, Canada); initial radiographs were a mixture of hard copy films and digital images. The radiograph was enlarged on the viewing monitor so that the elbow maximally occupied the viewing screen. Measurements were achieved using the digital imaging measurement tools (InteleViewer TM ). Posttraumatic arthritis was graded on radiographs during the final followup visit according to the classification of Broberg and Morrey [3] : Grade 0, normal; Grade 1, slight joint space narrowing and minimal osteophyte formation; Grade 2, moderate joint space narrowing and moderate osteophyte formation; and Grade 3, severe degenerative change with gross destruction of the joint. Capitellar abnormality was defined as subtle irregularity of the subchondral bone, osteopenia, or cysts without joint space narrowing or osteophytes and therefore arthrosis not sufficient to warrant the diagnosis of Grade 1 radiographic arthritis. In comparison to immediate postoperative radiographs, loss of reduction was defined as any change involving greater than 1-mm articular step or gap or greater than 10°angulation. Heterotopic ossification was measured according to the classification of Hastings and Graham [19] : Grade 1, without functional limitation; Grade 2, subtotal functional limitation (A = flexion arc deficit, B = forearm rotation deficit; C = both flexion arc and rotation deficit); and Grade 3, complete ankylosis. Postoperative complications were recorded, considering secondary or repeat surgery separately. We performed statistical analyses using SAS 1 Version 9.3 (SAS Institute Inc, Cary, NC, USA), setting a level of significance at p values of 0.05 or less. Descriptive statistics were performed to describe the means and SDs of continuous outcome variables and frequency for discrete variables. Univariate analysis comparing groups was performed using unpaired t-tests for continuous variables. Univariate analyses for discrete dependent variables were performed using Fisher's exact test. The Mantel-Haenszel chi-square test was used to compare ordinal data.
To show a 10-point difference between PREE scores (considered as a continuous variable) with a common SD of 10 points, comparative samples of 16 subjects would be necessary to demonstrate 80% power.
Results
With the numbers available, no differences between the simple and complex groups were noted in mean PREE scores (8 versus 15, respectively; p = 0.13) ( Table 2) .
With the numbers available, no differences were observed between the simple and complex groups in terms of radiographic degenerative radiocapitellar arthritis (32% versus 40%, respectively; p = 0.76) ( Fig. 3) , capitellar abnormality (61% versus 60%, respectively; p = 1.0) ( Fig.  4) , or major complication rate (collapse with prominent hardware, disabling elbow stiffness, or postoperative joint subluxation; 13% versus 25%, respectively; p = 0.29) ( Table 2 ). However, capsular release rates in the simple and complex groups approached a statistical difference (3% versus 20%, respectively; p = 0.07). Analysis of the capsular release cases suggested that capsular release may be more frequently observed when three or more fragments were present, but with the numbers available, we could not confirm this finding (p = 0.08) ( Table 3 ).
Discussion
Radial head fractures can occur in isolation or in association with elbow and forearm injuries. The evidence supporting ORIF for repairable radial head fractures is inconclusive. We therefore compared patient-reported pain and disability using a validated tool for the elbow (PREE), radiographic outcomes, complications, and reoperation rates in patients undergoing ORIF for isolated radial head fractures and for radial head fractures associated with other fractures or elbow dislocations. This study has several limitations. The major limitation is the absence of a comparative group, specifically a cohort treated nonoperatively during the same period and a cohort treated with radial head arthroplasty. The outcome measurement tools are not specific to the radial head, and therefore, only the overall effect of the injury, including associated fractures and ligamentous injuries, can be demonstrated. As the complex group is heterogeneous with regard to both severity of injury and injured structures in addition to the radial head fracture, reliable extrapolation of the data to specific patients may be problematic. Transfer bias (loss to followup) was a concern here as well, since only 63% of patients treated with ORIF for radial head fractures participated in this study; when such a large percentage of patients is lost to followup, one must surmise that the results risk overestimating the benefits of the treatments in question (in this case, surgical intervention). Patients lost to followup generally have poorer results compared with those who attend followup. However, the early complication rate and reoperation rate were likely less affected by the loss to followup. In addition, measurement bias is introduced by retrospective data collection of the descriptors of the initial injury and intraoperative findings. The use of radiographs likely introduced inaccuracy in injury classification. As this investigation was performed at a tertiary referral center, the sample studied may have included a higher proportion of complex injury patterns than those encountered in a general orthopaedic practice. Although the mean followup was 4 years in both groups, the minimum followup was only 1 year. One year is likely too early to accurately capture degenerative arthritis rates and therefore our study examines only early degenerative joint changes. The predominance of nonstatistically different comparisons between groups may represent Type II error; a larger sample size might have permitted demonstration of statistical difference between groups. A post hoc power analysis showed that, given the high pooled SD of 16 points for the PREE and the narrow difference between groups, this investigation was underpowered. To show a difference of 10 points in the PREE with the pooled SD observed in this study, 42 subjects per group would be required.
This cohort with radial head fractures treated with ORIF demonstrated little functional disability based on the PREE in both groups at latest followup. The low pain and disability were noted despite substantial rates of major complications in both the simple group (13%) and the complex group (25%), including collapse with prominent hardware, disabling elbow stiffness, and subluxation. Other investigations have shown favorable results from ORIF, with poorer outcomes noted with more complex injuries also [13, 25] . This is in contrast to noncomminuted partial articular fractures that typically have achieved satisfactory outcomes after ORIF [33] .
Subtle radiographic abnormalities of the affected capitellum were noted in the majority of patients in both groups, including irregularities in the subchondral bone, osteopenia, or cystic changes when compared to the contralateral side. While these findings do not meet the Broberg and Morrey criteria for arthritis, we believe these may represent early degenerative change. Further longterm followup is required. This observation may be a consequence of unrecognized chondral damage sustained at the time of initial injury, altered kinematics, and articular contact from residual ligamentous instability or subtle articular incongruity. Nonunion and proximal radioulnar synostosis have also been reported previously [33] but were not seen in the current series.
The potential complications from operative treatment should be weighed against the potential benefits. During the preoperative assessment, the complication rates merit discussion, particularly prominent hardware and stiffness, in an effort to reconcile patients' values with the potential pitfalls to ORIF of the radial head. The risks of disabling stiffness and subsequent capsular release appear to be greater in the complex group and therefore this discussion is particularly relevant in complex patterns of injury. The high rate of capsular release in the complex group was more commonly observed when three or more fragments were observed. Ring et al. [33] in a study of 56 patients noted poor results when radial head fractures with more than three fragments were treated with ORIF. Secondary radial head excision rates from 9% to 12% have been reported in series of patients treated nonoperatively [1, 20] ; radial head excision and arthroplasty were not utilized in the current study.
In summary, we found no differences in the short term between patients treated with ORIF for isolated radial head fractures and for radial head fractures in association with other elbow injuries. Loss to followup in this series precludes making strong statements regarding functional comparison between these groups. However, the substantial capsular release and complication rates in both groups should weigh into the preoperative discussion with patients before selecting ORIF for radial head fractures. This is particularly the case for radial head fractures in association with complex injury patterns with multiple radial head fragments where radial head arthroplasty may reduce the rate of secondary capsular release. Further research may help clarify this in the future.
